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Letter to the Editor
All plankton sampling systems underestimate abundance:
Response to “Continuous plankton recorder underestimates
zooplankton abundance” by J.W. Dippner and M. Krause
It is axiomatic in plankton research that no plankton sampler, or
combination of plankton samplers, can provide a true estimate of
abundance for all components of the plankton at anytime. Plankton
vary in size from the microbic to large ctenophores and jellyﬁsh,
from robust to those extremely fragile and almost impossible to
catch without damage. Plankton have extremely diverse behavioural
patterns, daily and seasonal vertical migration, and different feeding,
reproductive, survival and escape strategies. Even within the crusta-
cean mesozooplankton abundances vary in four dimensions. Conse-
quently, it has been necessary to develop numerous different types
of sampling systems, and different mesh sizes have been used, in
order to capture or observe the various components of plankton.
Wiebe and Benﬁeld (2003) listed more than 200 systems and that is
not exhaustive. All systems underestimate parts of or all the plankton
leading researchers to choose the system most suited to their study.
There has always been a desire to understand the differences be-
tween each system and to quantify the degree of underestimation.
Differences in sampling protocols and nets have made it difﬁcult for
large-scale comparisons of plankton abundance and biomass. This
issue has become more important as the demand grows for accurate
estimates of plankton abundance for estimating productivity and ap-
plying biogeochemical, food web and marine ecosystem models. We
cannot accurately measure true plankton abundance in the water
with certainty against which we can calculate the error of an estimate
from a net sample. At best, we are left with comparing one system
against another to record the differences, but such comparisons
must be conducted in an extensive systematic manner under the
same conditions (see Skjodal et al., 2013), and recognising that the
systems being compared each have their own deﬁciencies. This is
where there is a serious ﬂaw with the paper by Dippner and Krause
(2013). They compared the Continuous Plankton Recorder with
270 μm mesh towed horizontally, with a Messhai and WP-2 nets
both ﬁtted with 200 μm and towed obliquely and vertically, respec-
tively, and over just 43 days in late winter. The authors sought to es-
timate the relative error of CPR measurements, which is appropriate,
but failed to provide an assessment, or at least acknowledge, the
errors of the two nets. The unspeciﬁed bars for the WP-2 net in
Fig. 2 of Dippner and Krause (2013) suggest that the errors are likely
to be large. This raises the question of what were the differences in
abundance estimates between the two nets? Consequently it was dis-
ingenuous to single out the CPR as underestimating abundance, and
thus not suitable for ecosystem models, when the deﬁciencies of the
nets were not acknowledged nor any justiﬁcation given that the
abundance estimates from the plankton nets are necessarily better
for ecosystem models. The true value and purpose of the CPR were
also not duly recognised. In fact, CPR data have been used successfully
in various ecosystem models. For example, Buitenhuis et al. (2006)
used both CPR data and plankton net data to include an explicit rep-
resentation of mesozooplankton in the PISCES global biogeochemical
model. CPR data have been used in bioregionalisation modelling
(Pinkerton et al., 2010), as well as network analysis to better visualise
zooplankton community structure and these were found to be in
good agreement with previously published results (Raymond and
Hosie, 2009).
The CPR is unique in having a consistent design and methodology
that has remained relatively unchanged for eight decades. Further, it
can be towed from any vessel at a depth of ~10 m at normal cruising
speed (hence there is no cost to ship time), and in nearly any weather
or sea state. The water and plankton enter a small aperture of
12.7 × 12.7 mm, which then expands into a tunnel of the ﬁltering
area of 100 × 50 mm. This results in an estimated 1/30 reduction in
ﬂow rate across the mesh (Batten et al., 2003). At 15 knots that
would equate with a tow speed of about 0.5 knots or 0.25 m s−1
through the mesh. This is considerably less than a plankton net
hauled at 2 knots. Such low ﬂow rates have been conﬁrmed by the
ﬂow volumes recorded on the CPR (Walne et al., 1998). The CPR
has proved to be a cost-effective consistent sampling method for rap-
idly and repeatedly surveying plankton diversity over ocean basin
scales. It has provided sustained long-term observations of inter-
annual changes in plankton populations and communities, as well
as seasonal patterns of abundance and distribution, and phenological
shifts. The programme has found species new to science (Navicula
planamembranacea) and has enabled the detection of species intro-
duction and invasion (e.g. Neodenticula seminae in the North-west
Atlantic or Coscinodiscus wailesii in the North Sea, Edwards et al.,
2001). However, the CPR is not perfect. We know it underestimates
components of the plankton, e.g. large plankton like euphausiids,
delicate gelatinous plankton, and plankton smaller than the 270 μm
mesh. This has been well documented, and users of the data are ad-
vised of the CPR's limitations, and help is offered in interpreting the
data.
Two notable papers by Clark et al. (2001) and John et al. (2001)
previously compared abundance estimates of the WP-2 net
(200 μm) with the CPR data, for a variety of taxa of varying size.
These studies attempted to understand the differences between the
sampling gear and hence better estimate differences in selectivity
and quantitative accuracy so that CPR data could be adjusted and
used for modelling. These comparisons were conducted over long
time periods of 27 and 11 years respectively, providing both
long-term inter-annual comparison and multiple seasonal compari-
sons. A comparison over 43 days is too short to understand either
inter-annual or seasonal variation and thus runs the risk of being af-
fected by seasonal temporal variation. Unsurprisingly, both Clark et
al. (2001) and John et al. (2001) reported that the 200 μm mesh
caught substantially more plankton than the CPR 270 μmmesh. How-
ever, both studies showed that long-term and seasonal cycles in the
CPR data were signiﬁcantly similar to the data collected by the
WP-2, and hence the CPR was suitable for studying long-term and
seasonal plankton trends.
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Dippner and Krause (2013) missed a crucial paper in their com-
parison of CPR data with other nets. Hunt and Hosie (2003) compared
CPR data against data collected by a Norpac net along the same sam-
pling track with both systems ﬁtted with the same 270 μm mesh. It
was a like-versus-like comparison to avoid the issue of different
mesh sizes and thus determine any difference due to design and
methodology. Vertical Norpac net samples were collected at 19 sta-
tions in four stratiﬁed layers (0–20, 20–50, 50–100, 100–150 m) on
a southward run along ~140°E in the Southern Ocean between 47
and 61°S in 9–22 November 2001. CPR tows were conducted on the
return northward run along the same transect in 7–11 December
2001. The 0–20 m Norpac sampling layer was speciﬁcally chosen to
correspond with the CPR sampling depth. Dippner and Krause
(2013) also compared the CPR data against data from the uppermost
plankton net of the Messhai, but did not specify the actual depth. De-
spite the differences in timing the CPR produced abundances compa-
rable to those from the 0 to 20 m Norpac net, with similar species
composition. Speciﬁcally, for 22 of the 30 taxa compared there were
no signiﬁcant differences in abundance, ﬁve were slightly higher in
the Norpac net and three taxa, Oithona similis, appendicularians and
nauplii of Rhincalanus gigas had substantially higher abundances in
the CPR than the Norpac net resulting in the CPR catching more
plankton overall. The higher abundances in the CPR may have been
due to the time difference between the Norpac and the CPR sampling,
but overall the two systems using the same 270 μm mesh produced
similar abundances. Similarly, Skjodal et al. (2013) conﬁrmed that
different net systems ﬁtted with the same mesh produce similar
abundance estimates. This suggests that the design of the CPR and
its method of sampling are not a major source of underestimation in
abundances relative to different mesh sizes.
It needs noting that both Clark et al. (2001) and John et al. (2001)
concluded that the difference in mesh size in their WP-2/CPR com-
parison could only partially explain the differences in abundance
and that differences in the behaviour of individual taxa could cause
additional variation in abundance estimates. Diel vertical migration
is one important factor and hence the importance of the need to con-
duct comparisons under the same conditions. Dippner and Krause
(2013) referred often to the underestimate of O. similis, but noted
that vertical migration by this species is weak. O. similis is by far the
numerically dominant species in the Southern Ocean CPR samples,
often reaching 50% of the total number (Hunt and Hosie, 2003). It ex-
hibits very strong diel vertical migration.
Dippner and Krause (2013) presented three open questions.
1. That increasing ship speed will increase both the pressure of water
across the mesh pushing more plankton through and increased head
pressure (bow wave) leading to early avoidance by plankton. Both
are difﬁcult to assess, but are also unlikely. The CPR is towed with-
in the ship's propeller wash, i.e. in turbulent water. Assuming the
CPR is being towed normally at a distance of about 100 m behind
the ship at a depth of 10 m and at a speed of 15 knots, then plank-
ton have about 13 s after passing the propeller to re-orientate
themselves, detect and avoid the CPR, while still in turbulent
water. In relation to water pressure across the mesh, it has been
noted above that the water ﬂow reduces by about 1/30 producing
a water ﬂow across the collecting mesh much lower than a stan-
dard plankton haul. Some vessels towing CPRs travel at 23 knots.
Even at that speed the ﬂow rate across the mesh is estimated as
0.39 ms−1 or 0.77 knots.
2. Environmental conditions may affect the vertical distribution of
plankton. This is probably true but could such changes in environ-
mental conditions possibly inﬂuence the vertical distribution of
plankton to any greater degree than that which already takes
place via seasonal and diel vertical migration? Further, any
changes in vertical distribution will also affect other nets towed
obliquely (e.g. the Messhai) or even vertical hauls through a
narrow depth range, not just the CPR. The CPR does sample a
well mixed surface layer through the action of the ship's propeller.
Neuston are also recorded. Hunt and Hosie (2003) showed that
while abundances and diversity change with depth in the Norpac
samples the CPR samples were still reasonably indicative of species
composition deeper in the water, primarily due to DVM.
3. Increasing temperature will lead to decreased body size, shift in com-
munity size structure and hence reduce the catch efﬁciency. Any re-
duction in the body size of plankton will result in reduced catch
efﬁciency and this applies not just to the CPR but to any sampling
system. The North Atlantic CPR Survey has in fact observed a
decrease in the mean community size of copepods paralleling an
increase in plankton biodiversity, which co-occurred with temper-
ature warming (Beaugrand et al., 2010). This phenomenon of
dwarﬁsm is however unlikely to have signiﬁcantly affected catch
efﬁciency. Nonetheless, in relation to long-term sustained moni-
toring such a change in catch efﬁciency, and hence decrease in
numbers, is an important trend that needs to be monitored and
reported. The CPR is well placed to make such observations, sea-
sonally and inter-annually.
Concluding remarks
We agree with Dippner and Krause (2013) that in order to proper-
ly understand plankton dynamics several different sampling methods
are required. We return to our opening statement that no single
plankton system can accurately sample all the plankton. We also
agree that an intense comparison of sampling systems is required,
but it must be systematic, extensive and conducted under the same
conditions. Comparing samplers based on different mesh sizes as
done by Dippner and Krause (2013) will also trivially lead to the con-
clusion that the sampler based on the bigger mesh size under samples
plankton. The effects of different mesh sizes need to be considered as
well using the same mesh on different systems to determine any dif-
ferences due to mechanical design. Skjodal et al. (2013) is an impor-
tant recent addition to this work and needs expanding. However, the
study also demonstrated that signiﬁcant resources and ship time are
required for such an exercise and this is increasingly harder to fund.
We do not agree with Dippner and Krause (2013) in their conclu-
sion that the CPR is unsuitable for modelling ecosystem dynamics, as
we contend that all plankton sampling systems underestimate abun-
dance of some or all taxa in a sample. As noted above, more compar-
ative analysis is required, but an internally consistent time series like
the CPR is always useful for the development of models because the
errors of uncertainty are constant in an unchanging sampling meth-
od. For many decades, the CPR survey has sampled the marine epipe-
lagic zone on a monthly basis over vast spatial areas in a consistent
way. Coupled with this are the stringent quality assurance procedures
applied to the acquisition of the CPR data. If the CPR underestimates
the abundances by a factor of 25 compared with a 200 μm mesh
net, then how much does the 200 μm mesh net underestimate?
What nets are acceptable for providing data for ecosystem models?
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